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(54) Tjl je: POLYMERIC MEMBRANES FOR USE IN ELECTROCHEMICAL SENSORS 



2 (57) Abstract: A method for reducing interference caused by contaminants on the detection 

© biological sample includes providing a chemical sensor that contains carboxylated polyvinyl chlonde (PVC-COOH) as a polymer 
^ component of the sensor's polymeric membrane. A biological sample containing the analyte of interest and a contaminant is placed 

Ojn contact with the chemical sensor that includes PVC-COOH as a polymer component of the sensor s polymeric membrane The 
^ analyte of interest in the biological sample is then measured and/or delected by the chemical sensor wHhout interference by Ihe 
-contaminant. 
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POLYMERIC MEMBRANES FOR USE IN ELECTROCHEMICAL SENSORS 



Technical Field 

[001] The present invention is related to the field of electrochemical sensors, particularly to the 
reduction of interference with the measurements of such sensors caused by contaminants in an 

analytical sample. - 
5 Background Information 

[002] Researchers and clinicians often need to measure the concentration of various analytes in 
biological samples. These analytes include dissolved gases (e.g. carbon dioxide), ions (e.g. 
hydrogen, sodium, potassium, calcium, lithium, ammonium, and magnesium), and biologically 
active molecules (e.g. urea). In many cases, the biological sample is a body fluid taken from a 

10 patient during an office visit or while undergoing surgery. Proper diagnosis and treatment often 
depend upon the accuracy of these measurements and the speed with which they are obtained. 
[003] An electrochemical sensor system is an analytical tool that can be used to measure the 
concentration of an analyte in a biological sample. The electrochemical sensor contains a 
physical transducer, such as a metal electrode, separated from the analytical sample by at least 

1 5 one semi-permeable membrane. The membrane imparts the selectivity to a given 

electrochemical sensor. The proper choice of membrane components allows for electrochemical 
sensors that can accurately detect and measure analytes in complex mixtures, such as whole 
blood. 

[004] Certain contaminants that are often present in analytical samples can compromise the 
20 accuracy of the electrochemical sensor by diffusing through the membrane and interfering with 
the metal electrode. In the case of ion-selective electrodes (ISEs), the contaminant can be a drug 
species, such as the anesthetic thiopental sodium (thiopental), for example. The result of such 
contarmnation on the ISE can range from mild interference to one of clinical significance, 
depending on the concentration of the contarninant in the sample. 
25 Summary of the Invention 

[005] The present invention provides a method for reducing the interference caused by 
contaminants on electrochemical sensors used for the detection and/or measurement of an 
analyte in a biological sample. The electrochemical sensor according to me present invention 
does not exhibit large negative shifts in potential after assaying an analytical sample 
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. contaminat^Mth, for example, a lipflph : *H anionic drug species. In addition, an 

electrochemical sensor according to the p^ent invention exhibits a reduction in bulk membrane 
resistance, which is important for sensor stability and the reproducibility of sensor 
measurements. An electrochemical sensor fabricated according to the present invention displays 
5 a stable baseline that is quicldy recovered after assaying a sample, which results in shorter 
measurement times. These shorter measurement times can lead to increased throughput for an 
analytical instrument that incorporates such an electrochemical sensor. 
[006] In general, in one aspect, the present invention features a method for reducing 
interference caused by at least one contaminant on the detection and/or measurement of an 

10 analyte in a biological sample. The method involves providing an electrode comprising a 

chemical sensor and a polymeric membrane. The polymeric membrane contains carboxylated 
polyvinyl chloride (PVOCOOH) as a polymer component and is positioned between the 
chemical sensor and the biological sample. The electrode is brought into contact with a 
biological sample that contains at least one contaminant and at least one analyte, and the 

15 analyte(s) are detected and/or measured. The PVC-COOH based polymeric membrane reduces 
the interference with the detection and/or measurement of the analyte in the biological sample 
caused by the contaminants). 

[007] Embodiments of this aspect of the invention may include the following features. The 
contaminant that the PVC-COOH based polymeric membrane prevents from interfering with the 

20 electrode may comprise a lipophilic anionic species. The contaminant may be an anesthetic or 
an analgesic. More specifically, the contaminant may be thiopental sodium (thiopental), or it 
may be phenytoin, ibuprofen, fenoprofen, salicylate, valproate, or e-amino-caproate. The analyte 
measured and/or detected by the electrode may be an inorganic cation. The analyte may also be 
a dissolved gas; or it may be a biological metabolite, such as a carbohydrate, peptide, lipid, 

25 nucleotide, or urea. The biological sample itself may be a body fluid, such as blood or urine. 
The PVC-COOH that is included in the polymeric membrane may contain 0.1 to 5 % carboxyl 
groups by weight 

[008] The foregoing and other objects, aspects, features, and advantages of the invention will 
become more apparent from the following description and from the claims. 
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[009] In the drawings, like reference characters generally refer to the same parts throughout the 
different views. Also, the drawings are not necessarily to scale, emphasis instead generally 
being placed upon illustrating the principles of the invention. 
5 [010] Fig. 1 is a schematic diagram of the components of an embodiment of an electrochemical 
sensor system according to the invention, including a sensor cartridge with an electrode card and 
sample inlet, a peristaltic pump, and a microprocessor. 

[Oil] Fig. 2 illustrates a frontal view of an embodiment of an electrode card according to the 
invention. 

10 [012] Fig. 3 illustrates a cross sectional view of an embodiment of an ion-selective electrode 
(ISE) according to the invention. 

[013] Fig. 4 illustrates a cross sectional view of an embodiment of a carbon dioxide (C0 2 ) 
electrode according to the invention. 

[014] Fig. 5 illustrates a cross sectional view of an embodiment of an enzyme electrode 
1 5 according to the invention. 

[015] Fig. 6 is a table containing examples of polymeric membrane components and their 
respective weight percentages for four different ISEs. 

[016] Fig. 7 is a graphical representation of the chronopotentiometric responses of an electrode 
card that includes a sodium ISE with a polymeric membrane containing high molecular weight 

20 polyvinyl chloride (HMW-PVC), with measurements taken before and after assaying a sodium- 
containing sample contaminated with 10 mg/dL thiopental sodium (thiopental). 
[017] Fig. 8 is a graphical representation of the chronopotentiometric responses of an electrode 
card that includes five sodium ISEs with polymeric membranes containing carboxylated 
polyvinyl chloride (PVC-COOH) according to the invention, with measurements taken before 

25 and after assaying a sodium-containing sample contaminated with 1 0 mg/dL thiopental. 

[018] Fig. 9 is a graphical representation of the chronopotentiometric responses of an electrode 
card that includes a potassium ISE with a polymeric membrane containing HMW-PVC, with 
measurements taken before and after assaying a potassium-containing sample contaminated with 
10 mg/dL thiopental. 

30 [019] Fig. 1 0 is a graphical representation of the chronopotentiometric responses of an 

electrode card that includes five potassium ISEs with polymeric membranes containing PVC- 
COOH according to the invention, with measurements taken before and after assaying a 
potassium-containing sample contaminated with 1 0 mg/dL thiopental. 
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electrode card that includes a calcium ISE/ith a polymeric membrane obtaining HMW-PVC, 
with measurements taken before and after assaying a calciimvcontaining sample contaminated 
with 10 mg/dL thiopental. 
5 [021] Fig. 1 2 is a graphical representation of the chronopotentiometric responses of an 
electrode card that includes five calcium ISEs with polymeric membranes containing PVC- 
COOH according to the invention, with measurements taken before and after assaying a calcium- 
containing sample contaminated with 10 mg/dL thiopental. 

[022] Fig. 1 3 is a graphical representation of the chronopotentiometric responses of an 
1 0 electrode card that includes a pH electrode with a polymeric membrane containing HMW-PVC, 
with measurements taken before and after assaying a pH buffered sample contaminated with 10 
mg/dL thiopental. 

[023] Fig. 14 is a graphical representation of one of the chronopotentiometric responses of an 
electrode card that includes five pH electrodes with polymeric membranes containing PVC- 
15 COOH according to the invention, with measurements taken before and after assaying a pH 
buffered sample contaminated with 10 mg/dL thiopental. 

[024] Fig. 1 5 is a graphical representation of the chronopotentiometric responses of an 
electrode card that includes a C0 2 electrode with a polymeric membrane containing HMW-PVC, 
with measurements taken before and after assaying a sample contaminated with 10 mg/dL 
20 thiopental. 

[025] Fig. 1 6 is a graphical representation of the chronopotentiometric responses of an 
electrode card that includes four C0 2 electrodes with polymeric membranes containing PVC- 
COOH according to the invention, with measurements taken before and after assaying a sample 
contaminated with 10 mg/dL thiopental. 
25 [026] Fig. 1 7 is a graphical representation of the bulk membrane resistance for an 1SE with a 
polymeric membrane containing HMW-PVC. 

[027] Fig. 1 8 is a graphical representation of the bulk membrane resistance for an ISE with a 
polymeric membrane containing PVC-COOH. 

[028] Fig 19 is a graphical representation comparing sodium concentration values in whole 
30 blood samples determined by a sodium ISE with a polymeric membrane wntaining HMW-PVC 
against those determined by an electrode card including five sodium ISEs with polymeric 
membranes containing PVC-COOH according to the invention. 
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[029] Fig. 20 is a graphical represeiitatiea-eeiHpaHng-ipetassium concentration values in whole 
blood samples determined by a potassium ISE with a polymeric membrane containing HMW- 
PVC against those determined by an electrode card including five potassium ISEs with 
polymeric membranes containing PVC-COOH according to the invention. 
5 [030] Fig. 21 is a graphical representation of the negative drift in potential over time of a 
sodium ISE with a polymeric membrane containing PVC-COOH according to the invention. 

Description 

[031] The present invention provides a method for reducing the interference caused by 
contaminants on electrochemical sensors used for the detection and/or measurement of an 

1 0 analyte in a biological sample. Specifically, the invention describes an electrochemical sensor 
having carboxylated polyvinyl chloride (PVC-COOH) as a polymer component of its polymeric 
membrane. The electrochemical sensor according to the invention can be configured to detect 
several analytes, including dissolved gases (e.g. carbon dioxide), ions (e.g. hydrogen, sodium, 
potassium, calcium, lithium, ammonium, and magnesium), and biological metabolites (e.g. urea). 

1 5 [032] An electrochemical sensor according to the invention can be incorporated into an 
electrochemical sensor system. Referring to Figure 1, in one embodiment according to the 
invention, the electrochemical sensor system 1 has an inlet 2 where the biological sample is 
introduced into the electrochemical sensor system 1 . A peristaltic pump 4 moves a sample, such 
as a body fluid sample, through the inlet 2 and into an electrode card 6. The electrode card 6 

20 contains one or more electrodes 8 that detect and measure analytes of interest in the sample. An 
electrical interface 10 connects the electrode card 6 to a microprocessor 12. Signals from the 
electrode card 6 pass to the microprocessor 12 to allow for storage and display of the signals. 
Signals from the microprocessor 12 pass to the electrode card 6 to allow for control over 
measurement conditions, such as the polarization voltage of an electrode. In one embodiment 

25 according to the invention, the sample inlet 2 and the electrode card 6 are contained within a 
disposable cartridge 13, which can be detached from the remaining elements of the 
electrochemical sensor system 1 and replaced after use. 

[033] Referring to Figure 2, in one embodiment according to the invention, the electrode card 6 
includes a rigid, substantially rectangular card made of polyvinyl chloride (PVC). A channel 20 
30 is located within the electrode card 6, through which a biological sample or a reference solution 
can flow. One or more electrodes 8 can be embedded within the channel 20. When a sample is 
passed through the electrode card 6, it flows through the channel 20 and over the electrodes 8, 
allowing for detection and/or measurement of the analyte(s) of interest 
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4Q34]— Referring to Jigure 2^e^ electrode card 6 

include ion-selective electrodes (ISEs) 100, electrodes for analyzing dissolved gases (gas 
electrodes), and electrodes which use an enzyme-based detection system (enzyme electrodes). 
For example, the electrodes may detect sodium 26, calcium 28, potassium 30, pH 32, lithium 34, 
5 magnesium 36, ammonium 38, carbon dioxide 40, and urea 42. 

[035] Referring to Figure 3, in one embodiment according to the invention, an ISE 100 
comprises a metal element 105, an inner solution layer 110, and a polymeric membrane 115. 
The metal element 105 is embedded in the PVC of an electrode card 6, and the inner solution 
layer 110 covers the exposed end of the metal element 105. The inner solution layer 1 10 may 

10 contain, for example, 2-[N-morpholino]ethanesulfonic acid (MES) buffer. The polymeric 

membrane 1 15 is an ion-selective membrane that separates the inner solution layer 1 10 from an 
analytical sample (for example, a body fluid sample) that passes through the channel 20 in the 
electrode card 6. The composition of the polymeric membrane 115 determines the selectivity of 
the ISE 1 00 for a particular ion. In a particular embodiment according to the invention, PVC- 

1 5 COOH is a component of the polymeric membrane 115. 

[036] Referring back to Figure 2, to measure the concentration of an ion in an analytical 
sample, an ISE 1 00 must work in tandem with a reference electrode 44. If the ion that the ISE 
1 00 is designed to detect is present in the analytical sample, an electrical potential is generated 
across the polymeric membrane 115 that depends on the difference between the concentration of. 

20 the analyte in the inner solution layer 1 1 0, illustrated in Figure 3, and its concentration in the 
analytical sample. The difference in electrical potential between the ISE 100 and the reference 
electrode 44 is directly proportional to the change in the logarithm of the concentration of the 
measured ion in the analytical sample. 

[037] Referring to Figure 4, in one embodiment according to the invention, a carbon dioxide 
25 (CO2) electrode 40, one type of gas electrode, comprises a metal element 125, an inner solution 
layer 130, and a polymeric membrane 135. The C0 2 electrode 40 is functionally similar to an 
ISE 100, except that the inner solution layer 130 of the C0 2 electrode 40 is bicarbonate buffer. 
Referring to Figure 2, unlike an ISE 1 00, the CO2 electrode 40 must work in tandem with a pH 
electrode 32. 

30 [038] Referring again to Figure 4, when C0 2 permeates the polymeric membrane 1 35 of the 
CO2 electrode 40, it dissolves in the bicarbonate buffer of the inner solution layer 130 and 
changes the buffer pH, which changes the electrical potential of the C0 2 electrode 40. The inner 
solution layer of the pH electrode 32, however, is not affected by C0 2 in the analytical sample, 
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so the pH electrode's potential remains co-^at The difference in electrical potential between 
the C0 2 electrode 40 and the pH electrode 32 is proportional to the concentration of C0 2 in the 
sample. In one embodiment according to the invention, PVC-COOH can be a constituent of the 
polymeric membrane 135 of a C0 2 electrode 40. 

[039] Figure 5 illustrates another embodiment according to the invention, an enzyme electrode 
150 for detecting the presence and concentration of biological metabolites (such as a 
carbohydrate, peptide, lipid, nucleotide, or urea, for example) in an analytical sample. The 
enzyme electrode 1 50 comprises a metal element 155 embedded in an electrode card 6 and a 
composite membrane 160, which is located between the metal element 155 and an analytical 
sample flowing through a channel 20 in the electrode card 6. The composite membrane 160 
includes an outer diffusional membrane 165 adjacent to the channel 20, an enzymatic layer 170, 
an ion-selective polymeric membrane 175, and an inner solution layer 180 adjacent to the metal 
element 155. The outer diffusional membrane 165 controls the diffusion of the analyte into the 
enzyme layer 170 and protects the other components of the enzyme electrode 150 from direct 
contact with the analytical sample in the channel 20. The enzyme layer 1 70 may include at least 
one enzyme, or a mixture of several enzymes, proteins, and stabilizers, that reacts with a 
particular analyte. If the analyte diffuses through the outer diffusional membrane 165, it can 
react with the enzyme(s) in enzyme layer 170 to produce a chemical byproduct, which can 
migrate through the ion-selective polymeric membrane 175. In the case of a urea sensor, the 
chemical byproduct can be ammonium ions, for example. An electrical potential is generated 
across the composite membrane 160 that depends on the concentration of the chemical 
byproduct, which is proportional to the concentration of the analyte of interest in the analytical 
sample. In one embodiment according to the invention, PVC-COOH is a constituent of the ion- 
selective polymeric membrane 175. 

[040] Referring again to Figure 3, the polymeric membrane of an ISE regulates the selectivity 
of the ISE 100 toward an analyte of interest. The polymeric membrane 115 includes at least four 
elements: a polymer, a plasticizer, an ionophore, and a lipophilic salt additive. 
[041] In one embodiment according to the invention, PVC-COOH is a polymer component of 
the polymeric membrane 115. PVC-COOH is polyvinyl chloride (PVQ polymer that has a 
percentage of its chlorine atoms replaced by carboxyl groups (COOH). In an embodiment 
accoding to the invention, the PVC-COOH can contain between 0.1 and 5 % COOH by weight, 
and in a particular embodiment of the invention, the PVC-COOH contains 1 .8 % COOH by 
weight. The PVC-COOH prevents lipophilic anionic species, (such as analgesics and 
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. ^=anesthetics r -fotexample) mme-analyJicaLsampleJ^ 115 
and interfering with the ISE 100. Such lipophilic anionic species can include thiopental sodium 
(thiopental), phenytoin, ibuprofen, fenoprofen, salicylate, valproate, and e-amino-caproate, for 
example. PVC-COOH can be mixed with another polymer (such as HMW-PVC or 
5 polyurethane, for example) to form the polymer component of the polymeric membrane. In a 
particular embodiment of the invention, PVC-COOH is not mixed with another polymer and is 
the only polymer component of the polymeric membrane. 

1042] The polymeric membrane 1 1 5 that includes PVC-COOH also exhibits enhanced adhesive 
properties to solid platforms, which is important for the long life and potential stability of an 

10 electrochemical sensor. In addition, an electrochemical sensor employing PVC-COOH in its 
polymeric membrane 1 1 5 shows better potential stability and reproducibility of sensor 
measurements due to a significant reduction in the membrane resistance conferred by the 
relatively polar polymeric membrane 1 15, as illustrated by Example 6 below. The precision and 
accuracy of a PVC-COOH sensor is comparable to known ISEs, including sensors based on high 

15 molecular weight polyvinyl chloride (HMW-PVC), as illustrated by Example 7 below. 

[043] The plasticizer component of the polymeric membrane 1 1 5 provides ion mobility within 
the membrane that is necessary to obtain effective ion transfer. The plasticizer must be 
compatible with the polymer component'and must be a solvent for the ionophore. The 
plasticizer must also be sufficiently insoluble in water so that it does not migrate significantly 

20 into an aqueous sample in contact with the surface of the polymeric membrane 115. It is also 
desirable that the plasticizer be substantially non-volatile to extend the shelf-life of the electrode. 
Useful plasticizers include bis(2-ethylhexyl) sebacate (DOS) and o-nitrophenyl octyl ether 
(NPOE). 

[044] The ionophore used in the polymeric membrane 1 1 5 is capable of selectively associating 
25 with a specific ion. This feature of the ionophore is responsible for the ion-selectivity of an ISE. 
Examples of suitable ionophores for a sodium ISE include methyl monensin ester, calixarene 
derivatives, and other sodium-sensitive compounds. A monocyclic antibiotic (such as 
valinomycin, for example) can be used as an ionophore for a potassium ISE. An ionophore for a 
calcium ISE may be, for example, (-)-(R,R)-N,N'-(Bis(l l-ethoxycarbonyl)undecyl>N,N'-4,5- 
30 tetramethyl-3,6-dioxaoctanediamide; Diethyl N,N'-[(4R,5R)-4,5-dimethyl-l ,8-dioxo-3,6- 

dioxaoctamemylene]-bis(12-memylaminododecanoate) (ETH 1001). An example of a suitable 
ionophore for a pH electrode and/or a carbon dioxide electrode is tridodecylamine (TDDA). 
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--[045]— j nae4ipephilie-salt-additive-use*'!' '- i pol-)TOeri€^einferafl©44 ; 5-s©rves-to-<reduce 
membrane resistance and to reduce anion interference. Useful lipophilic salt additives include, 
for example, potassium tetrakis(4-chlorophenyl)borate (KTpClPB) and potassium tetrakis[3,5- 
bis(trifluoromethyl)phenyl]borate (KTTFPB). The lipophilic salt additive, however, is not 
5 always essential to the function of the polymeric membrane 1 1 5 and can be omitted when certain 
analytes are targeted. 

[046] The efficiency of the polymeric membrane 1 1 5 in rejecting lipophilic anion drug 
contaminants is enhanced when the polymeric membrane 1 1 5 composition is optimized in terms 
of PVC-COOH/plasticizer ratio and by a proper selection of the type and ratios of ionophore and 

1 0 lipophilic salt additive. For example, the polymeric membrane 1 1 5 for a sodium ISE may 

contain 25-35 % PVC-COOH, 60-70 % DOS, 2-8 % calixarene derivative, and 1-3 % KTTFPB 
by weight. The polymeric membrane 1 1 5 for a potassium ISE may contain, for example, 25-35 
% PVC-COOH, 60-70 % DOS, 1-5 % valinomycin, and 0-1 % KTpClPB by weight. The 
polymeric membrane 1 15 for a calcium ISE may contain, for example, 25-35 % PVC-COOH, 

1 5 60-70 % 1 : 1 DOS/NPOE, 1 -5 % ETH 1 00 1 , and 0.2-2 % KTpClPB by weight. The polymeric 
membrane 1 1 5 for a pH or COj ISE may contain, for example, 25-35 % PVC-COOH, 60-70 % 
DOS, 2-7 % TDDA, and 1-4 % KTpClPB by weight. Figure 6 illustrates examples of particular 
embodiments of suitable polymeric membrane 1 1 5 components and their respective weight ratios 
for a variety of electrochemical sensors. 

20 [047] Referring still to Figure 3, a polymeric membrane 1 1 5 according to the present invention 
can be formed by dissolving the appropriate amounts of polymer, plasticizer, ionophore, and 
lipophilic salt additive in a solvent, typically tetrahydrofuran (THF) or cyclohexanone, and 
applying this solution to the exposed surface of a metal element 105 embedded in an electrode 
card 6. For example, a potassium ISE can be fabricated by mixing PVC-COOH (1 .8 wt % 

25 COOH), DOS, valinomycin and KTpClPB according to the ratios listed in Figure 6 to make a 
total mass of 630-650 mg. The mixture is dissolved in 3-3.5 mL THF, and 0.75 uL of the 
solution is applied to the exposed end of the metal element 105 (for example, a chloridized silver 
wire) embedded in the electrode card 6. Once the solvent evaporates, the same volume of 
membrane solution is applied two additional times with adequate drying time in between each 

30 application. Once the solvent has evaporated from the last application, the polymeric membrane 
1 1 5 is formed and is bonded to the electrode card 6. 

[048] An ISE according to the present invention measures changes in the electric potential, 
measured in millivolts (mV), of an analytical sample that are due to changes in the 
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concentratio ns of anaM es A ri^ present 
invention measures changes in the electric potential of an analytical sample that are due to 
changes in the partial pressure of the gas dissolved in the sample. As practitioners skilled in the 
art are aware, electric potential values are related to concentration or partial pressure values 
5 according to the Nemst equation. In a particular embodiment according to the invention, 
software may be included in the electrochemical sensor system to convert electrical potential 
values measured by the electrode to concentration or partial pressure values of the measured 
analyte by using the Nemst equation. 

[049] In another aspect, the invention is a method for detecting the presence and/or measuring 
1 0 the concentration of an analyte in a body fluid (such as blood, for example) in the presence of a 
lipophilic anionic species (such as thiopental, for example) without interference by the lipophilic 
anionic species in detecting and/or measuring the analyte. The method of the invention provides 
an electrochemical sensor for detecting and/or measuring an analyte of interest in a body fluid 
that includes PVC-COOH as a polymer component of the sensor's polymeric membrane. A 
15 body fluid sample containing the analyte of interest and a lipophilic anionic contaminant is 
placed in contact with the electrochemical sensor that includes PVC-COOH as a polymer 
component of the sensor's polymeric membrane. The analyte of interest in the body fluid 
sample is then measured and/or detected by the electrochemical sensor with reduced interference 
by the lipophilic anionic contaminant. 
20 [050] The following examples are intended to illustrate, but not limit, the invention. 
Example 1 

[051] Figure 7 is a graphical representation of the chronopotentiometric responses recorded 
from an electrode card including a sodium ISE with a polymeric membrane containing HMW- 
PVC. An analytical sample containing a known concentration of sodium was introduced to the 

25 electrode card, and the ISE measured the concentration of sodium to be 142 mM. At time t, the 
analytical sample was changed to a solution containing the same concentration of sodium plus 10 
mg/dL thiopental, and the ISE returned a sodium concentration value of 137 mM. 
[052] Figure 8 is a graphical representation of the chronopotentiometric responses recorded 
from an electrode card including five sodium ISEs with polymeric membranes containing PVC- 

30 COOH according to the invention. An analytical sample containing a known concentration of 
sodium was introduced to the electrode card, and all five ISEs measured the concentration of 
sodium to be 139 mM. At time t, the analytical sample was changed to a solution containing the 
same concentration of sodium plus 1 0 mg/dL thiopental, and all five electrodes returned sodium 



WO 2004/072606 



-11- 



PCT7US2004/002221 



-^centratioB-values-ofl39^M,-The^- ^OOH^ase^odium-ISEs did -not exhibit the drift 
in potential displayed by the HMW-PVC b^sed sodium ISE after analyzing a sample 
contaminated with thiopental, which illustrates the efficacy of PVC-COOH in preventing 
interference with sodium measurements caused by lipophilic anionic contaminants. 
5 Example 2 

[053] Figure 9 is a graphical representation of the chronopotentiometric responses recorded 
from an electrode card including a potassium ISE with a polymeric membrane containing HMW- 
PVC. An analytical sample containing a known concentration of potassium was introduced to 
the electrode card, and the ISE measured the concentration of potassium to be 3.2 mM. At time 
10 t, the analytical sample was changed to a solution containing the same concentration of 

potassium plus 10 mg/dL thiopental, and the ISE returned a potassium concentration value of 2.8 

mM. 

1054] Figure 10 is a graphical representation of the chronopotentiometric responses recorded 
from an electrode card including five potassium ISEs with polymeric membranes containing 

15 PVC-COOH according to the invention. An analytical sample containing a known concentration 
of potassium was introduced to the electrode card, and all five ISEs measured the concentration 
of potassium to be 3.3 mM. At time t, the analytical sample was changed to a solution 
containing the same concentration of potassium plus 10 mg/dL thiopental, and all five electrodes 
returned potassium concentration values of 3.3 mM. The PVC-COOH based potassium ISEs 

20 exhibited negligible potential drifts after analyzing a sample contaminated with thiopental as 
compared to the drift displayed by the HMW-PVC based potassium ISE, which illustrates the 
efficacy of PVC-COOH in preventing interference with potassium measurements caused by 
lipophilic anionic contaminants. 
Example 3 

25 1055] Figure 1 1 is a graphical representation of the chronopotentiometric responses recorded 
from an electrode card including a calcium ISE with polymeric membrane containing HMW- 
PVC. An analytical sample containing a known concentration of calcium was introduced to the 
electrode card, and the ISE measured the concentration of calcium to be 0.93 mM. At time t, the 
analytical sample was changed to a solution containing the same concentration of calcium plus 

30 10 mg/dL thiopental, and the ISE returned a calcium concentration value of 0.81 mM. 

1056] Figure 12 is a graphical representation of the chronopotentiometric responses recorded 
from an electrode card including five calcium ISEs with polymeric membranes containing PVC- 
COOH according to the invention. An analytical sample containing a known concentration of 



PCT/US2004/002221 

WO 2004/072606 

-12- 

calcium was introduced to the ele ctrode r?rd and all five ISEs measured the concentration of 
calcium to be 0.87 mM. At time t, the analytical sample was changed to a solution containing 
the same concentration of calcium plus 10 mg/dL thiopental, and the five electrodes returned 
calcium concentration values of 0.85, 0.85, 0.86, 0.86, and 0.85 mM. The PVC-COOH based 
5 calcium ISEs did not exhibit as great a drift in potential as displayed by the HMW-PVC based 
calcium ISE after analyzing a sample contaminated with thiopental, which illustrates the efficacy 
of PVC-COOH in preventing interference with calcium measurements caused by lipophilic 
anionic contaminants. 
Example 4 

1 0 [057] Figure 1 3 is a graphical representation of the chronopotentiometric responses recorded 
from an electrode card including a pH electrode with a polymeric membrane containing HMW- 
PVC. An analytical sample containing a buffer solution of known pH was introduced to the 
electrode card, and the electrode measured the pH to be 7.63. At time t, the analytical sample 
was changed to a solution containing the same buffer solution plus 10 mg/dL thiopental, and the 

1 5 electrode returned a pH value of 7.68. 

[058] Figure 1 4 is a graphical representation of one of the chronopotentiometric responses 
recorded from an electrode card including five pH electrodes with polymeric membranes 
containing PVC-COOH according to the invention. An analytical sample containing a buffer 
solution of known pH was introduced to the electrode card, and all five electrodes measured the 

20 pH to be 7.66. At time t, the analytical sample was changed to a solution containing the same 
buffer solution plus 10 mg/dL thiopental, and the five electrodes returned pH values of 7.68. 
The PVC-COOH based pH electrodes did not exhibit as great a drift in potential as displayed by 
the HMW-PVC based pH electrode after analyzing a sample contaminated with thiopental, 
which illustrates the efficacy of PVC-COOH in preventing interference with pH measurements 

25 caused by lipophilic anionic contaminants. 

Example 5 \ 
[059] Figure 1 5 is a graphical representation of the chronopotentiometric responses recorded 
from an electrode card including a C0 2 electrode with polymeric membrane containing HMW- 
PVC. An analytical sample containing a buffer solution was introduced to the electrode card. 
30 Two measurements of the partial pressure of C0 2 in the solution were taken, and the results were 
averaged to yield a value of 66 mm Hg. At time t, the analytical sample was changed to a 
solution containing the same buffer solution plus 1 0 mg/dL thiopental, and the electrode returned 
C0 2 partial pressure value of 1 15 mm Hg. 
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[060] Figure 16 is a graphical representation of the chronopotentiometric responses recorded 
from an electrode card including four C0 2 electrodes with polymeric membranes containing 
PVC-COOH according to the invention. An analytical sample containing a buffer solution was 
introduced to the electrode card. Two measurements of the partial pressure of CO2 in the 
5 solution were taken with each of the four electrodes, and the results for each electrode were 
averaged to yield values of 67.9, 68.0, 68.0, and 68.2 mm Hg. At time t, the analytical sample 
was changed to a solution containing the same buffer solution plus 10 mg/dL thiopental, and the 
four electrodes returned CO2 partial pressure values of 70.4, 68.8, 68.8, and 73.4 mm Hg. The 
PVC-COOH based CO2 electrodes display negligible potential drifts after analyzing a sample 
10 contaminated with thiopental as compared to the drift displayed by the HMW-PVC based C0 2 
electrode, which illustrates the efficacy of PVC-COOH in preventing interference with CO2 
measurements caused by lipophilic anionic contaminants. 
Example 6 

[061] Figure 1 7 is a graphical representation of the bulk membrane resistance of an ISE 
1 5 polymeric membrane that includes HMW-PVC as a polymer component, as is known in the art. 
According to Figure 17, the HMW-PVC membrane has a bulk resistance of about 2.4 x 10 
ohms. By comparison, Figure 1 8 shows that the bulk membrane resistance of an ISE polymeric 
membrane that includes PVC-COOH as a polymer component according to the invention is 
about 1 .25 x 10 6 ohms, which is over nineteen times lower than that of an ISE containing HMW- 
20 PVC. By lowering the bulk membrane resistance, an ISE fabricated using PVC-COOH in its 
polymeric membrane exhibits enhanced potential stability and reproducrtulity of measurements. 
Example 7 

[062] Figure 19 is a graphical representation comparing sodium concentration values in whole 
blood samples determined by a known sodium ISE with a polymeric membrane containing 

25 HMW-PVC against those determined by an electrode card including five sodium ISEs with 
polymeric membranes containing PVC-COOH according to the invention. Sodium 
concentration values for ninety-nine different whole blood samples representing a wide range of 
sodium levels were first determined with a HMW-PVC based sodium ISE, then with a PVC- 
COOH based sodium ISE. As illustrated by Figure 19, the values obtained from the PVC- 

30 COOH based sodium ISE correlate well with those obtained using the HMW-PVC based sodium 
ISE (r = 0.9983), which indicates the PVC-COOH based sodium ISE measures sodium with 
equal precision and accuracy as a known sodium electrode. 
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.. ^oeS^Eigur^Oillustrates a similar expe^nt using a PVC-COOH based potassium ISE. 
Potassium concentration values for 127 dif^f'ent whole blood samples representing a wide range 
of potassium levels were first determined using a HMW-PVC based potassium ISE, then a PVC- 
COOH based potassium ISE. As illustrated by Figure 20, the values obtained from the PVC- 
5 COOH based potassium ISE correlate well with those obtained using the HMW-PVC based 
electrode (r = 0.9995), which indicates that the PVC-COOH based potassium ISE measures 
potassium with equal precision and accuracy as a known potassium electrode. 
Example 8 

1064] Figure 21 is a graphical representation of the stability over time of a PVC-COOH based 

1 0 sodium ISE according to the invention. On day 1 , an analytical sample containing a known 
concentration of sodium was introduced to an electrode card including five sodium ISEs with 
polymeric membranes containing PVC-COOH according to the invention, and the concentration 
of sodium was measured. Then the analytical sample was changed to a solution containing the 
same concentration of sodium plus 1 0 mg/dL thiopental, and the concentration of sodium was 

1 5 measured again. The difference between the two measurements (AEMF), which represents the 
drift in the.electrode's potential due to thiopental interference, was calculated, and the analytical 
sample was removed from the sensor card. This procedure was repeated on days 2, 4, 6, 9, 12, 
14, and 20, and the AEMF values were calculated. As Figure 21 illustrates, the effect that a 
lipophilic anionic species such as thiopental has on a PVC-COOH based sodium ISE according 

20 to the invention remains very low throughout the life of the electrode. 

[065] Variations, modifications, and other implementations of what is described herein will 
occur to those of ordinary skill in the art without departing from the spirit and the scope of the 
invention as claimed. Accordingly, the invention is to be defined not by the preceding 
illustrative description but instead by the spirit and scope of the following claims. 

25 What is claimed is: 
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1. A method for reducing interference caused by at least one contaminant while detecting or 
measuring at least one analyte in a biological sample, comprising: 

providing an electrode comprising a sensor and a polymeric membrane, the polymeric 
membrane comprising carboxylated polyvinyl chloride; 

contacting the electrode with the biological sample containing at least one contaminant 

and at least one analyte; and 

detecting or measuring the at least one analyte in the biological sample, wherein the 
detection or measurement of the at least one analyte is substantially free from interference 
caused by the at least one contaminant in the biological sample. 

2. The method according to claim 1, wherein the polymeric membrane is positioned 
between the chemical sensor and the biological sample. 

3. The method according to claim 1, wherein the contaminant comprises a lipophilic anionic 
species. 

4. The method according to claim 1 , wherein the contaminant comprises an anesthetic. 

5. The method according to claim 1, wherein the contaminant comprises an analgesic. 

6. The method according to claim 1 , wherein the contaminant comprises thiopental sodium. 

7. The method according to claim 1, wherein the contaminant comprises a member of the 
group consisting of phenytoin, ibuprofen, fenoprofen, salicylate, valproate, and s-arnino- 
caproate. 

8. The method according to claim 1 , wherein the analyte comprises an inorganic cation. 
9 The method according to claim 8, wherein the inorganic cation comprises sodium. 
10. The method according to claim 8, wherein the inorganic cation comprises potassium. 
1 1 The method according to claim 8, wherein the inorganic cation comprises calcium. 

12. The method according to claim 8, wherein the inorganic cation comprises hydrogen. 

13. The method according to claim 8, wherein the inorganic cation comprises lithium. 

14 The method according to claim 8, wherein the inorganic cation comprises ammonium. 
15. The method according to claim 8, wherein the inorganic cation comprises magnesium. 

1 6 The method according to claim 1 wherein the analyte comprises a dissolved gas. 

17 The method according to claim 1 6, wherein the dissolved gas comprises carbon dioxide. 

1 8. The method according to claim 1 wherein the analyte comprises a biological metabolite. 

19. The method according to claim 1 8, wherein the biological metabolite comprises urea. 
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:^ffi^^od^(^xdingtolaim.-l-8 the biological metabolite comprises a 

member of the group consisting of carbohyc^es, peptides, lipids, and nucleotides. 

21 . The method according to claim 1 wherein the carboxylated polyvinyl chloride contains 
0.1 to 5 % carboxyl groups by weight. 

22. The method according to claim 1 wherein the biological sample comprises a body fluid. 

23. The method according to claim 22 wherein the biological sample comprises blood. 

24. The method according to claim 22 wherein the biological sample comprises urine. 
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